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Abstract  The  present  case  study  is  of  an  8-year  old  male  who  was  found  to  have  refractive
instability due  to  corneal  distortions  that  were  associated  with  chronic  habit  of  abnormal  eye
rubbing (CHAR).  Psychiatric  evaluation  and  treatment  alleviated  the  CHAR  and  at  the  same  time
refraction  stabilized  and  the  cornea  resumed  a  regular  shape.  Treatment  of  this  case  was  made
possible  by  close  collaboration  between  the  health  care  professionals  caring  for  this  child.
© 2013  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  España,  S.L.  All  rights
reserved.
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Presión  digital  auto-inducida  asociada  a  distorsiones  corneales  transitorias
considerables  en  un  paciente  pediátrico:  enfoque  multi-disciplinar
Resumen  El  presente  caso  de  estudio  se  reﬁere  a  un  varón  de  8  an˜os  que  fue  diagnosticado
de inestabilidad  refractiva  debida  a  distorsiones  corneales  asociadas  al  hábito  crónico  de  fro-
tamiento  anormal  de  los  ojos  (CHAR).  La  evaluación  y  el  tratamiento  psiquiátricos  aliviaron
dicho hábito,  lo  que  al  mismo  tiempo  estabilizó  la  refracción  y  repuso  la  córnea  a  una  forma
regular. El  tratamiento  de  este  caso  fue  posible  mediante  la  estrecha  relación  entre  los  profe-
sionales de  cuidados  sanitarios  que  atendieron  a  este  nin˜o.
© 2013  Spanish  General  Council  of  Optometry.  Publicado  por  Elsevier  España,  S.L.  Todos  los
derechos reservados.
∗ Corresponding author at: Dept. of Optometry, Hadassah Aca-
demic College, Haniviim St. 37, Jerusalem, Israel.
E-mail address: arielag@hadassah.ac.il (A. Gordon-Shaag).
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http://dx.doi.org/10.1016/j.optom.2013.07.003ntroductionefractive  error  has  been  documented  to  change  as  a  result
f  epithelial  thinning,  which  is  the  basis  of  myopic  Ortho-
etry. Published by Elsevier España, S.L. All rights reserved.
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 treatment.1 In  keratoconus  (KC),  thinning  of  the  stroma
ayer  of  the  cornea  results  in  a  corneal  protrusion  forming  a
onical  shape,  with  a  severe  effect  on  refraction.2--4
Attention-deﬁcit/hyperactivity  disorder  (ADHD)  is  char-
cterized  by  problems  with  attention,  impulsivity,  and
yperactivity.5 In  children,  attention  deﬁcit  hyperactivity
isorder  (ADHD)  is  associated  in  60--100%  of  all  cases  with
t  least  one  other  psychiatric  diagnosis.  These  include
ppositional  deﬁant  disorders  in  50--60%,  depressive  syn-
romes  in  16--26%  and  anxiety  disorders  in  about  15%  of  all
hildren  with  ADHD  as  well  as  tic  disorders  and  developmen-
al  disorders  like  reading  and  spelling  disorders.6 Another
eport  indicates  that  approximately  30--40%  of  children  with
ttention-deﬁcit/hyperactivity  disorder  (ADHD)  meet  the
riteria  for  a  comorbid  anxiety  disorder  in  clinical  samples.7
This  report,  presents  the  case  of  an  8-year  old  child  with
DHD  who  suffered  from  anxious  thoughts  and  whose  CHAR
ppears  to  have  caused  severe  corneal  distortions  leading
o  changes  in  refractive  error.  Pharmacological  treatment
or  ADHD  alleviated  the  CHAR  consequently  restoring  the
orneal  topography  returned  to  a  normal  pattern.
ase presentation
n  8-year  old  male  presented  to  an  ophthalmologist  with  a
omplaint  of  difﬁculty  in  reading.  Initial  work-up  revealed
nisometropia.  Cycloplegic  refraction  was  performed  and
pectacles  were  prescribed  based  on  the  cycloplegic  refrac-
ion  (Table  1,  08/01/09).  No  additional  pathology  was  noted
n  either  the  anterior  or  posterior  segment.  Symptoms  of
cular  itch,  allergies  or  sensitivity  were  not  observed  nor
ere  a  history  of  such  reported  by  the  mother.  Uncorrected
isual  acuity  was  right  eye  (OD)  20/40  and  left  eye  (OS)
0/20,  while  best  corrected  VA  was  OD  20/40  OS  20/20.
ix  weeks  later  the  patient  was  doing  well  with  a  stable
efraction  (Table  1,  19/02/09).  Corrected  VA  was  20/20  OU.
One  year  later  the  patient  returned  to  the  ophthalmol-
gist  complaining  of  trouble  with  his  current  prescription
Table  1,  04/02/10).  Ophthalmologic  exam  revealed  a large
hift  in  refraction  in  both  eyes,  anisometropia  and  reduced
A  in  both  eyes.  The  patient  was  referred  for  repeat  refrac-
ion  by  an  optometrist.  All  other  ﬁndings  were  normal:  no
cular  itch  was  reported,  slit  lamp  and  ophthalmascope
xams  were  within  normal  limits  and  no  corneal  staining
as  found.  Two  weeks  later  (Table  1,  15/02/10),  retinoscopy
evealed  scissor  reﬂex  in  both  eyes,  anisometropia  and
educed  VA  in  the  left  eye.  Visual  acuity  of  20/20  was  not
chieved  in  either  eye.  Keratometry  showed  distorted  mires
n  both  eyes.  Slit  lamp  and  ophthalmoscopy  exams  were
ormal.  Keratoconus  (KC)  was  suspected  and  the  patient
as  referred  for  videokeratography  (VKG)  and  wavefront
berrometry.  On  history,  the  patient’s  mother  noted  that
he  child  constantly  rubs  his  eyes,  but  did  not  complain  of
tchy  or  watery  eyes.  Mother  described  child  as  being  very
ensitive.
VKG  (Tomey  TMS-4)  showed  distortions  in  both  corneas
Fig.  2),  but  not  a  typical  skewed  asymmetrical  bowtie  as
sually  seen  in  KC3 (see  Fig.  1  for  comparison).  The  astig-
atism  found  in  the  VKG  was  different  from  that  found  in  the
ubjective  refraction  and  retinoscopy.  During  the  corneal
apping  the  patient  struggled  to  keep  the  OD  open  and  oth-
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pFigure  1  Corneal  topography  (Tomey,  TMS-4).
erwise  cooperating  in  the  VKG  examination  of  that  eye  so
that  the  VKG  output  may  not  accurately  indicate  his  corneal
topography.  Wavefront  aberrometry  with  a  Hartmann  Shack
device  (L80  Wave+,  Luneau,  FR)  showed  an  aberrant  pat-
tern,  with  coma  and  total  ocular  spherical  aberration  being
the  dominant  aberrations  in  the  OS  (Fig.  3).  In  KC,  coma  is
often  observed  as  the  most  aberrant  part  of  the  wavefront.8
Due  to  the  fact  that  also  during  the  aberrometry  measure-
ments  the  patient  encountered  difﬁculty  keeping  the  OD
open,  the  wavefront  data  might  not  reﬂect  the  actual  pat-
tern  in  this  eye.  The  patient  was  referred  to  his  pediatrician
to  discuss  treatment  for  ADHD  and  to  possibly  to  help  alle-
viate  his  CHAR.  The  pediatrician  subsequently  referred  him
for  psychiatric  evaluation.
The  patient  presented  to  the  psychiatrist  with  a  history
of  carelessness,  losing  things,  difﬁculty  sustaining  atten-
tion,  difﬁculty  following  through  on  instructions,  difﬁculty
organizing  tasks,  excessive  talking,  impulsivity,  rage  out-
bursts,  and  sensory  processing  problems.  In  addition,  he
exhibited  anxiety  relating  to  the  well-being  of  family  mem-
bers,  leading  to  the  need  for  ongoing  reassurance.  Mother
also  described  CHAR.  The  patient  met  criteria  for  ADHD,  and
though  he  did  not  meet  criteria  for  a  speciﬁc  anxiety  diagno-
sis,  he  was  deﬁnitely  impaired  by  his  anxious  thoughts.  It  was
not  clear  whether  his  eye  rubbing  was  a  result  of  his  impul-
sive  ﬁdgeting,  or  was  a  compulsive  behavior  etiologically
connected  to  his  anxiety.  Play  therapy  was  recommended  to
treat  his  anxiety,  and  treatment  with  Ritalin  (10  mg,  twice
a  day)  was  initiated  to  target  his  inattentive  and  impul-
sive  behaviors.  The  patient’s  mother  was  asked  to  note  the
prevalence  of  CHAR.
At  a  2-month  follow-up,  the  patient’s  ADHD  symptoms
were  relieved,  and  a  signiﬁcant  reduction  in  the  eye  rubbing
was  reported.  Ophthalmological  follow-up  three  months
later  revealed  spontaneous  emmetropia  in  both  eyes  with  an
uncorrected  vision  of  6/6  in  both  eyes  (Table  1,  31/05/10).
Repeat  VKG  by  the  optometrist  revealed  marked  reduction
in  the  corneal  distortion  (Fig.  2b)  alongside  improved  ocular
wavefront  ﬁndings  (Fig.  3).  Ophthalmascope  and  slit  lamp
exams  were  within  normal  limits  and  no  staining  was  found.
Three  years  later  the  patient  returned  to  the
optometrist.  He  presented  without  any  ocular  com-
plaints.  The  mother  reported  that  the  child  does  not  suffer
from  allergies  or  ocular  itch  and  does  not  exhibit  CHAR.
Ophthalmoscopy  and  slit  lamp  showed  no  abnormal  ﬁndings.
Refraction  showed  a  moderate  amount  of  anisometropia
and  slight  regular  astigmatism  with  OD-3.00/-0.50X  166
l
d
f
ot  image  --  keratoconus,  left  image,  KC  suspect.
S-1.75/-0.75X10  (Table  1, 31-05-13).  Visual  acuity  was
orrected  to  20/25  in  each  eye.  Difﬁculty  concentrating  on
he  subjective  refraction  was  apparent.  VKG  was  performed
ith  the  L80  wave+  and  both  corneas  exhibited  a  regular
ymmetrical  topography  pattern  (Fig.  4).  The  K  readings
ere  found:  OD  7.76  mm/7.64  mm  (43.5  D/44.1  DX  7),  OD
.86/7.73  (42.9  D/43.6  DX  42).  Sheimpﬂug  camera  imaging
Sirius,  CSO,  Florence)  showed  corneal  thickness  at  the
hinnest  point  to  be  503.9  m  and  511.6  m  for  OD  and  OS,
espectively.  All  anterior  chamber  parameters  were  within
he  range  found  for  normal  corneas.
The  psychiatrist  currently  reports  that  the  patient  con-
inues  to  struggle  with  his  ADHD  symptoms.  His  impulsivity
ffects  his  academic  and  social  performance.  He  is  taking
oncerta  27  mg,  daily.  In  general,  his  self  care,  including
esisting  rubbing  his  eyes,  is  greatly  improved.
iscussion
e  described  a  pediatric  patient  presenting  with  unsta-
le  refraction,  anisometropia  and  abnormal  topography  and
berrometry  who  suffered  from  CHAR,  without  a  history
f  ocular  itch  or  allergy.  Psychiatric  evaluation  showed
DHD  complicated  by  anxious  thoughts.  Pharmacological
reatment  of  ADHD  and  play  therapy  for  anxiety  resulted
n  control  of  obsessive  behavior,  including  CHAR.  This
mprovement  was  associated  with  a  marked  improvement  in
efraction,  corneal  topography  and  aberrometry.  Long  term
ollow-up  revealed  that  the  patient  is  still  struggling  with
is  psychiatric  conditions,  but  CHAR  is  under  control,  as  is
is  topography  and  refraction.
Anisometropia  presented  at  several  visits.  It  is  possible
hat  CHAR  was  worse  in  one  eye  and  therefore  led  to  larger
hifts  in  the  refraction  in  that  eye.  Similarly,  asymmetric  KC
as  been  found  to  be  associated  with  abnormal  eye  rubbing
f  the  more  severely  affected  eye.9--11
The  astigmatism  found  in  the  VKG  was  different  from  that
ound  in  the  subjective  refraction  and  retinoscopy.  However,
efraction  and  retinoscopy  were  carried  out  on  a  different
ay  than  the  VKG.  The  cornea  of  a  child  is  very  ﬂexible
nd  rapid  changes  in  corneal  shape  could  conceivably  take
lace,  accounting  for  the  discrepancy.12 OD  did  not  exhibit  a
arge  change  in  aberrometry  data  after  treatment.  However,
ata  from  the  corneal  topography  and  wavefront  (04.03.10)
rom  OD  may  not  be  accurate  since  the  patient  had  difﬁculty
pening  this  eye  during  these  procedures.
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Figure  2  (A)  Corneal  topography  (Tomey,  TMS-4)  before  treatment  for  ADHD.  (B)  Corneal  topography  after  treatment  for  ADHD.
Pupil 4.8 mm4.9 mm
4.9 mm
4.9 mm
4.9 mm
4.8 mm
4.8 mm
4.8 mm
1.08 µ0.10 µ
0.11 µ
0.11 µ
0.09 µ
0.07 µ
0.18 µ
0.08 µ
0.03 µ
0.15 µ
0.12 µ
0.12 µ
0.02 µ
0.45 µ
0.56 µ
-0.11 µ-0.11 µ
-0.01 µ
-0.09 µ -0.09 µ
Aperture
Coma
Trefoil
Ocular S.A.
Corneal S.A.
Internal S.A.
Pupil
Pretreatment
RE LE
Aberrometry
Post treatment
Aperture
Coma
Trefoil
Ocular S.A.
Corneal S.A.
Internal S.A.
Pupil
Aperture
Coma
Trefoil
Ocular S.A.
Corneal S.A.
Internal S.A.
Pupil
Aperture
Coma
Trefoil
Ocular S.A.
Corneal S.A.
Internal S.A.
Figure  3  Representation  of  total  ocular  wavefront  before  and  after  treatment  for  ADHD  (L80  Wave+).
Right Left
R L
TopographyTopography
Figure  4  Corneal  topography  (L80  Wave+,  Luneau,  France)  in  2013,  three  years  after  start  of  treatment.
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One  of  the  most  important  factors  strongly  associated
with  the  progression  of  KC  can  be  the  chronic  habit  of
abnormal  eye  rubbing  (CHAR).  This  association  has  been
demonstrated  by  numerous  case  series  and  large  case  con-
trolled  studies3,13,14,2,15--18 and  by  meta-analysis.19 Multiple
reports  link  vigorous  eye  rubbing  to  the  development  of
acute  hydrops.20--22 Several  case  studies  demonstrate  that
unilateral  KC  is  observed  in  subjects  with  CHAR.  Mashor23
describes  three  patients  who  presented  with  unilateral  KC
who  also  had  Tourette  Syndrome  (TS).  Patients’  histories
revealed  asymmetric  or  unilateral  rubbing  of  the  affected
eye  as  a  result  of  a  TS  tic  without  any  other  organic  causes.
Ioannidis24 describes  a  7-year  old  patient  who  presented
with  unilateral  KC  associated  with  chronic  eye  rubbing  and
no  other  organic  cause.  Nocturnal  padding  to  reduce  eye
rubbing  stabilized  the  dystrophy  of  the  cornea.  Coyle25
report  the  occurrence  of  unilateral  KC  in  a  boy  who  used
digital  massage  of  the  affected  eye  to  control  episodes  of
paroxysmal  atrial  tachycardia.
The  mechanism  by  which  CHAR  may  cause  KC  is  not  clear.
Gritz26 suggests  that  the  microtrauma  of  eye  rubbing  by
susceptible  individuals  injures  the  epithelium,  leading  to
cytokine  release,  myoﬁbroblast  differentiation,  a  change  in
biomechanical  forces,  and  thinning  of  corneal  tissue.  This
cascade  of  events  might  produce  the  ectatic  process  rec-
ognized  as  KC.  In  fact,  it  has  been  suggested  that  trauma
may  be  the  common  underlying  factor  in  eye  rubbing,
vernal  and  atopic  disease,  contact  lens  wear,  and  Down  Syn-
drome  that,  via  a  common  biochemical  cascade,  leads  to
development  of  KC.9 McMonnies  also  hypothesizes  that  a
reduction  in  shear  strength  and  cone-forming  deformation
may  be  the  responses  to  rubbing  trauma.15 This  case  study
presents  further  evidence  suggesting  that  CHAR  may  cause
corneal  distortions  that  signiﬁcantly  affect  refraction.  How-
ever,  the  topographic  pattern  was  not  a  typical  KC  pattern
and  pachymetry  was  not  performed,  so  we  cannot  be  certain
that  the  CHAR  caused  any  corneal  thinning.  Nevertheless,
the  corneal  distortions  appeared  with  the  CHAR  and  were
alleviated  when  the  CHAR  was  treated,  implying  a  causative
mechanism.
ADHD  is  characterized  by  chronic  problems  in  attention
and  impulse  control,  age-inappropriate  hyperactive  behav-
iors  as  well  as  emotional  dysregulation  including  tantrums
or  mood  swings.7 Along  with  ADHD,  the  patient  experienced
considerable  anxiety  and  was  impaired  by  anxious  thoughts,
despite  not  meeting  the  criteria  for  a  speciﬁc  anxiety  disor-
der.  CHAR  is  thought  to  have  a  calming  effect  on  anxiety  via
the  oculocardiac  reﬂex.27 Thus,  the  patient  may  have  been
using  CHAR  as  a  means  to  calm  his  anxiety.  Play  therapy
and  pharmacological  treatment  might  have  been  effective
in  reducing  the  anxiety  and  reducing  the  urge  for  CHAR.
Health  care  professionals  have  long  recognized  the  value
of  interdisciplinary  collaboration.  However,  many  obstacles
prevent  professionals  from  regularly  consulting  or  work-
ing  on  teams  with  other  health  care  providers.  These
obstacles  include  professional  parochialism,  competition
for  clientele,  lack  of  understanding  about  other  profes-
sionals’  knowledge  and  skills,  busy  schedules  and  separate
ofﬁce  facilities.28 As  optometry  develops  and  the  optomet-
ric  practitioner  concerns  himself  with  this  broader  scope
of  practice:  e.g.  vision  therapy,  developmental  vision  care
etc.,  as  opposed  to  primarily  refraction,  the  more  heistortions  223
ecomes  more  aware  that  he  must  understand  the  patient  as
 whole  before  successfully  dealing  with  the  patient’s  visual
ystem.  In  addition,  familiarity  with  the  patient  as  a  person
an  also  assist  with  the  visual  treatment.  This  case  illus-
rates  that  vision  is  but  one  aspect  of  an  integrated  organism
ith  physical,  emotional  and  intellectual  components29 and
hat  a multidisciplinary  approach  can  most  appropriately
ddress  a  patient’s  needs  in  some  cases.
onclusion
arked  swings  in  refraction  in  a  pediatric  patient  should
lert  the  treating  eye  care  professionals  to  possible  self
nduced  corneal  trauma.  Interdisciplinary  care  of  such
atients  can  signiﬁcantly  improve  their  outcome.  In  this
ase,  the  patient  beneﬁtted  from  interdisciplinary  treat-
ent  from  his  pediatrician,  ophthalmologist,  optometrist
nd  psychiatrist.  This  case  demonstrates  the  need  for  inter-
ction  and  communication  between  different  disciplines  for
olistic  treatment  of  complicated  patients.
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